Background-M Mode echocardiograms can be measured by two different conventions. In addition, normal limits of echocardiographic measurements have customarily been stratified according to age or body surface area. There is therefore a need to develop a more easily managed approach to calculating normal limits of measurements for the two conventions, one of which, the Penn convention, has not previously been used for echocardiographic measurements in children. Methods measurements in infants and children were obtained using a convention which was adopted by the American Society of Echocardiographers.5 Later, the Penn convention6 was introduced for the measurement of left ventricular dimensions, but this convention has, as yet, not been used to establish the normal limits of left ventricular dimensions in infants and children. These studies were performed with stand alone M mode transducers, whereas now an M mode record is obtained after using the two dimensional image to provide the optimum position and angulation. Therefore, it was decided to carry out a prospective M mode echocardiographic study in a group of normal infants, children, and young adults (a) to compare the dimensions on American Society of Echocardiographers and Penn conventions and (b) to use age and, separately, body surface area for the development of regression equations to define the upper and lower normal limits of the M mode echocardiographic measurements.
The normal limits of M mode echocardiographic measurements in infants and children were established in the 1970s.'-3 These studies showed that the growth related changes of the echocardiographic measurements are functions of either body surface area1 2 or body weight. ' Henry et al found that M mode echo measurements in infants and children up to early adulthood followed a linear regression either directly on the body surface area or on its square or cube root. 4 Growth related changes in echocardiographic measurements from infancy to late childhood as a function of age have not been published, however. Furthermore, echocardiographic measurements in infants and children were obtained using a convention which was adopted by the American Society of Echocardiographers.5 Later, the Penn convention6 was introduced for the measurement of left ventricular dimensions, but this convention has, as yet, not been used to establish the normal limits of left ventricular dimensions in infants and children. These studies were performed with stand alone M mode transducers, whereas now an M mode record is obtained after using the two dimensional image to provide the optimum position and angulation. Therefore, it was decided to carry out a prospective M mode echocardiographic study in a group of normal infants, children, and young adults (a) to compare the dimensions on American Society of Echocardiographers and Penn conventions and (b) to use age and, separately, body surface area for the development of regression equations to define the upper and lower normal limits of the M mode echocardiographic measurements.
Subjects and methods Healthy infants and children were recruited to the study after obtaining parental consent. A few young adults also volunteered. All the subjects were screened by a consultant paediatric cardiologist and none had any echocardiographic Doppler abnormality. The age (in months), weight (Wt) The left ventricular ejection fraction was also calculated using volumes measured according to the two conventions.
The BMDP Biomedical Data program'0 was used for (a) calculation of the body surface area from the weight and height, (b) calculation of the left ventricular volumes and masses, (c) correlation of the various echocardiographic measurements with the age and the body surface area separately, and (d) development of the regression equations to define the normal upper and lower limits of the M mode echo measurements.
Results
One hundred and twenty seven healthy infants and children completed the study. They included 77 boys and 50 girls with an age range of 7 to 234 months (19-5 years) and a mean (SD) age of 66-55 (41-63) months. Their body surface area ranged from 0-27 m2 to 1-603 m2 with a mean (SD) of 0 735 (0 26) M2. Table 1 gives the minimum, maximum, mean (SD), and the 96 centile range of the various echocardiographic measurements. In some instances the M mode record of the right ventricular cavity, aorta, or left atrium was not considered suitable for making an accurate measurement.
The Penn measurements of left ventricular internal dimension at end systole and end diastole, and the calculated left ventricular volumes at end systole and end diastole were significantly higher (P < 0-00001) than those obtained from the American Society of Echocardiographers' convention. The measurements of the interventricular septum and posterior wall of the left ventricle, and the Table 3 M-Mode echocardiographic measurements ix centimetres on American Society ofEchocardiographers' (ASE) and Penn conventions with the corresponding continuous equations to predict the upper and lower normal limits. The upper limit is obtained using the " + " sign and the lower limit is obtained by using "-" sign where ± is positioned Echocardiographic 
